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ABSTRACT

Designing daylight-based spaces has gained increasing attention due to its numerous benefits and alignment with
global sustainability standards. However, limited research has focused on how architectural layouts affect daylight
distribution and visual quality, particularly in educational environments. This research aims to address this gap by
integrating spatial layout analysis with daylighting and visual quality metrics to enhance daylight benefits across seven
school plan layouts as case studies. Using a systematic review and simulation-based methodology, daylight
performance is evaluated with Useful Daylight llluminance (UDI up, UDI, UDI low) and Daylight Autonomy (DA) using
the Honeybee plugin and Radiance engine in Rhinoceros software. Visual quality is also explored through Isovist and
Depth Map analysis, focusing on metrics including connectivity (C), Isovist area (A), drift angle (DA), Maximum radial
line (RL(L)), Minimum radial line (RL(S)), and Visual Mean Depth. Simulation validation is conducted through a lux
meter in a real classroom in Tehran, Iran, along with SPSS analysis to explore the accuracy and correlations between
the results. Findings reveal that well-designed interior layouts significantly enhance both daylight distribution and
visual quality. School with layout C, by higher Drift Angle (DA) and longer visual range (Max radial) can provide a
dynamic and open environment, outperforming other layouts in both daylighting (DA = 52.93%, UDI = 68.17%) and
visual quality metrics (Drift Angle = 220, Connectivity = 600). Layouts F and E also perform well, while Models D and
G show less daylight performance (UDI-low = 31-34%). The outcomes emphasize the importance of an integrated
design approach including DA, UDI, Isovist metrics, and plan layouts, offering a new framework to enhance daylight
benefits in educational spaces. It also provides valuable insights to improve architectural schools’ designs,
contributing to more sustainable, visually enriched, and energy-efficient learning environments.
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1. INTRODUCTION well-being, and learning outcomes [1-3]. Research indicates that
access to natural light improves visual and thermal comfort,
supports better Indoor Environmental Quality [4]. It also increases
concentration levels and can even enhance academic performance
by 20-26% through its positive effects on cognitive functioning

Daylight plays a vital role in enhancing the environmental quality
of educational spaces and directly contributes to students’ health,
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NOMENCLATURE

UDI Useful daylight illuminance in standard range

UDI low Useful daylight illuminance lower that standard
range

UDI up  Useful daylight illuminance upper than standard
range

DA Daylight autonomy

WWR Window-to-wall-ratio

C Connectivity

A Isovist area

DA Drift angle

RL(L) Maximum radial line

RL(S) Minimum radial line

CBDM  Climate based daylight metrics

p Correlation coefficient / Reflection coefficient

of daylight availability in school buildings has become a critical
design priority, particularly during early architectural stages,
where facade configuration, glazing design, shading strategies,
and smart window technologies can significantly influence
daylight access and interior comfort [1,12-14]. Parallel to this,
research has increasingly highlighted the importance of visual
quality and its role in shaping users’ activities, comfort, and
performance in interior spaces. Theories such as Kaplan’s
restorative focus framework demonstrate that environments
offering broader vistas, fascination, and opportunities for mental
disengagement can alleviate cognitive fatigue and improve
psychological well-being [15]. In educational settings, the quality
of visual experience, including openness, connectivity, and spatial
perception, can significantly affect students’ attention,
engagement, and overall learning effectiveness. Isolation and
private spaces have also been shown to facilitate mental
restoration and effective task performance [16]. As a result, both
daylight availability and visual quality have emerged as key
determinants of high-performing learning environments. Despite
extensive research on facade eclements, daylighting strategies,
interior surface reflectance, and occupant comfort across various
building types, including hospitals and religious spaces [17-21], a
noticeable gap exists in the literature regarding the combined
influence of interior spatial layout, daylight distribution, and
visual quality in school buildings. Moreover, while spatial
configuration has been analyzed in other contexts using tools such
as Space Syntax and Isovist metrics [22-26], its role in educational
environments, particularly its impact on daylight performance and
student-centered visual quality, has received limited scholarly
attention. Moreover, no study to date has simultaneously
examined daylight metrics, Isovist-based visual quality indicators,
and interior plan layout patterns within most common school
typologies, highlighting an unaddressed research gap.
Accordingly, the present research aims to explore how
variations in interior spatial layout influence both daylight
performance and visual quality in school spaces. Specifically, it
seeks to explore the relationship between visual quality metrics
(e.g., Isovist area, connectivity, average sight depth) and

quantitative daylighting indicators (e.g., UDI and DA), determine
whether a particular spatial layout pattern among commonly used
school configurations can be considered preferred in balancing
daylight access and visual quality. Through a combination of
parametric simulations using Honeybee plugin in Grasshopper,
Depth map analyses using Isovist-based evaluations, this research
offers an integrated methodological framework that allows for
quantitative assessment of how spatial geometry shapes both
luminous performance and visual experience. The findings of this
research contribute to the existing body of knowledge by bridging
daylighting research with visual quality and spatial layout
analysis. This integration not only advances theoretical
understanding but also provides practical design insights that can
inform national guidelines, educational facility standards, and
architectural decision-making. By emphasizing the significance of
interior space configuration in promoting student comfort,
satisfaction, and learning performance, the research underscores
the need to prioritize daylight distribution and visual openness
when designing contemporary school environments. To achieve
this, the paper first presents a comprehensive review of the
literature on daylight performance and visual quality in relation to
spatial layouts within educational environments. It then outlines
the research methodology, detailing the simulation tools, case
study characteristics, and selected metrics. Following this, the
research provides a thorough analysis and discussion, including
the examination of correlations between research metrics. Finally,
the paper concludes by summarizing the key findings, highlighting
design implications, and offering recommendations for future
research.

1.1. Literature review

This research aims to bridge existing gaps in the literature by
systematically reviewing and analyzing studies that investigate
indoor daylighting and Isovist visual quality in relation to
architectural design layouts in school environments. The literature
search and selection process, conducted between 2020 and 2025,
follows a structured approach, as outlined in Fig. 1. In the first
phase, the research objectives and scope are defined, and relevant
keywords are selected to identify the most related studies. The
search is performed using the Scopus and Web of Science
databases, utilizing a Boolean combination of keywords grouped
into four thematic categories: (daylight* OR “natural light” OR
“visual comfort” OR “visual performance” OR “visual
environment” OR glare OR light*) AND (layout OR design OR
“spatial configuration” OR “architectural layout” OR “floor plan”)
AND (school OR “educational building” OR classroom OR
“learning space”) AND (Isovist OR “visual depth” OR view OR
“visual access” OR “visual quality” OR “spatial analysis” OR
“depth map” OR “view field” OR “view access”). The initial
search, conducted in November 2025, results in 556 documents.
After removing duplicates using EndNote and performing
inclusion, exclusion, and an initial relevance screening, the dataset
is narrowed down to 173 unique records. The next phase involves
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reviewing titles, keywords, abstracts, and study quality, further
reducing the selection to 85 papers. Finally, a full-text assessment
is conducted, leading to the selection of 38 studies for in-depth
analysis.

Recent studies highlight the critical role of daylight in
supporting students’ health, visual comfort, and learning
performance. The design of educational spaces, particularly
classrooms, plays a central role in enhancing natural light
exposure, with direct implications for both energy efficiency and
student well-being. Evidence shows that inadequate daylight
distribution can lead to glare, visual fatigue, and reduced
concentration among students [27] . Given the long hours spent by
learners and teachers in classroom environments, the quality of
task-plane illumination directly influences academic outcomes
and visual health. In response, researchers have examined a wide
range of architectural variables, including window placement and
window-to-wall ratio, room depth, ceiling geometry, furniture
arrangement, surface reflectance, and overall building form and
orientation, to improve daylight availability and uniformity [17-
20]. Within this context, desk orientation has emerged as a critical
determinant of daylight quality. Wojtysiak recommends orienting
desks perpendicular to the window so that daylight enters from the
side, thereby minimizing direct glare, preventing shadowing and
reflective glare on work surfaces, and ensuring adequate
illumination for reading and writing tasks. Beyond desk
arrangement, parameters such as classroom size, plan shape,
window configuration, and interior furnishing layout significantly
affect daylight distribution. Classroom width determines the
volume of daylight entering a space, whereas room depth governs
the extent of daylight penetration. Studies further indicate that
wide and shallow classrooms perform better than deep and narrow
ones, underscoring the combined importance of spatial geometry
and interior layout in achieving effective daylighting [28]. A
common pattern across daylighting literature is that illuminance
decreases sharply with increasing distance from the window. In
single-sided daylighted classrooms, near-window zones typically
achieve higher Useful Daylight [lluminance (UDI) but also present
greater glare risk, whereas deeper regions often fail to achieve
sufficient illuminance [29]. Interior surface reflectance plays an
essential compensatory role; light-colored walls and ceilings can
redistribute daylight more effectively, reducing performance
differences between near-window and deep zones. Supporting
these findings, Al-Khatatbeh and Ma’bdeh report that rectangular
classrooms with southern orientation provide good daylight
availability, while north-facing rectangular rooms ensure the most
uniform desk-level illuminance. Their results further indicate that
shallow classrooms with northeast or southeast orientations
deliver higher eye-level illuminance at deeper points, and that the
overall best-performing layout is a rectangular plan with
northeast-facing windows [30].

These findings collectively demonstrate that room geometry
and spatial proportions substantially influence indoor daylight
distribution in school environments consistent with patterns
observed in healthcare facilities [21]. Although prior research has

examined certain interior design factors affecting daylight and
visual comfort in classrooms [31-33], the influence of interior
spatial layout as a holistic configuration remains relatively
underexplored, highlighting the need for research that
systematically evaluates spatial configurations to enhance
daylight performance. Parallel to advancements in daylighting
research, Isovist theory has provided new insights into how spatial
settings shape visual quality metrics for students. Early work
established the concept of “visual contexts” (Tady [34]) and was
later expanded by Benedikt and Davis through graphical
representations of Isovist methodology [35]. More recent studies
quantify spatial quality through metrics such as closure, field of
view [12], continuity, private space boundaries, movement paths,
and angles of view [36-38]. These approaches demonstrate that
spatial configuration, captured through Isovist descriptors,
directly influences visual connectivity and perceptual experience.
To better illustrate the research scope and interconnections in the
existing literature, Fig. 2 presents a keyword co-occurrence
visualization generated using VOSviewer. The network maps co-
occurring terms from titles, abstracts, and keywords, with node
size representing frequency, links indicating co-occurrence
strength, and colors identifying thematic clusters. The
visualization highlights major trends in architecture, spatial
analysis, and daylighting, with prominent clusters centered around
“syntax” and “layout.” Closely linked keywords, such as “daylight
autonomy” and “dynamic daylighting simulation,” point toward
emerging areas of concurrent investigation, while the transition
from blue (earlier years) to yellow (recent years) reflects the
evolution of research topics, including the emergence of “deep
learning Isovist”.

Based on these theoretical advancements, environmental
performance studies further reinforce the connection between
spatial configuration and perceptual outcomes. Frenz and Winer
demonstrate how spatial features influence perceptual responses
and energy consumption, using Isovist metrics to assess spatial
quality and movement patterns [39,40]. In the educational context,
Taher Sima and colleagues apply Space Syntax to compare open-
space usage in traditional and contemporary schools, showing that
teaching and learning practices shape the educational role of open
and semi-open spaces [26]. Using the Space Syntax method,
Mehrabian and colleagues conducted a morphological analysis of
the Darolfonoon School to examine the building’s spatial
arrangement. Their findings align with broader research indicating
that larger vistas contribute to improved comfort and enhanced
aesthetic perception, highlighting the relevance of metrics such as
maximum radial sightline, sight connectivity, and average sight
depth in spatial analysis. Extending this line of inquiry, another
investigation explored the application of glazing within
transitional spaces in college buildings using Space Syntax
techniques. The study demonstrated that incorporating glazed
barriers increases visual and psychological accessibility, thereby
facilitating smoother movement flow and strengthening spatial
connectivity.
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Purpose: To analyze the state-of-the-art literature on three key
research areas: daylighting and Isovist visual quality, school
design, and spatial layout. The research aims to integrate these
aspects to enhance the design of educational spaces and provide a
more comprehensive understanding of their interplay.

ROL1: To evaluate the impact of spatial layout on the distribution
of indoor daylighting and the quality of the visual environment in
schools.

and practical applications of daylighting and spatial layout design
in schools, and to suggest future research directions.

Identification
of studies

Web of
Science
218 docs

Selection

of studies [~

Inclusion:

Time period: 2015-2025.

Language: English.

Source type: journal article(articles).

Boolean search: mentioned in the related Table.
Subject domain: mentioned in the related Figure.

Exclusion criteria:

Other types of human comfort such as thermal comfort and etc.
Energy and economic related subjects, heating, cooling, lighting,
co2 emission and etc.

Other types of daylighting strategies.

Other types of building functions and type such as residential, etc.
Any type of shading device such as a louver, blind, etc.

Any other aspects of the Isovist tool and metrics.
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Complete reading of paper.
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Identification of research approach involved.
Categories based on research domain.

Reporting the

Descriptive analysis.
Classification of articles and implications of

results —>

related subject domain.
Gaps and future lines of research.

Fig. 1. Overview of the Review Process for Selected Studies (PRISMA chart).
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While axial analysis provides valuable insights into certain
spatial relationships, the authors point out its limitations in fully
capturing the visual and functional performance of such
environments [25].

Building on these foundations, researchers propose expanding
Space Syntax methodologies to integrate natural daylight,
artificial lighting, and glare. This broader analytical framework
aims to enhance assessments of visual comfort, visibility, and
spatial perception, ultimately offering a more comprehensive
evaluation of environmental quality [24]. The significance of
visual quality is further emphasized in classroom contexts, where
empirical studies show that daylight can meaningfully influence
student behavior. However, these effects are strongly moderated
by individual perception and activity patterns, underscoring the
need for larger sample sizes and more rigorous measurement
techniques to obtain reliable and generalizable findings [23]. To
support performance-based design during early architectural
stages, new computational approaches have also emerged. For
instance, machine learning models such as ResNet50 and FCN
have been employed to simultaneously predict daylight and view
quality, achieving R? values as high as 0.78. These methods offer
designers rapid, data-driven feedback while allowing them to
preserve creative freedom, ultimately improving the integration of
evidence-based decision-making into design workflows [41].
Parallel advances in research on religious buildings further
demonstrate the relationship between spatial morphology and
visual comfort. By employing both 2D Isovist metrics (using
depthmapX.10) and 3D volumetric Isovist analysis (via
Grasshopper scripts in Rhinoceros 7), studies have quantitatively
illustrated how spatial form and volumetric configuration shape
visual comfort, spatial awareness, and perceived spaciousness. In
particular, findings from barrier-free mosque designs reveal that
creating a prominent spatial zone beneath the central dome can
significantly enhance visual comfort by optimizing sightlines and
improving spatial perception [22]. To further clarifies broader
research developments, Fig. 3, generated using VOS viewer,
visualizes relationships among keywords drawn from studies
indexed in ScienceDirect between 2020 and late 2025. In the
diagram, node size reflects keyword frequency and connecting
lines denote co-occurrence strength. The northern cluster
highlights expanding interest in the use of Space Syntax in
architectural spatial design, built environments, and street network
analysis. The eastern cluster contains emerging research themes,
particularly visual comfort, 3D Isovist applications, and sensory-
based analyses of spatial experience. A closer inspection of color
gradients reveals that traditional applications of Space Syntax
remain robust, while newer experience-oriented and perception-
driven research directions are becoming increasingly prominent.
The literature underscores the significant influence of interior
spatial layouts on indoor daylight performance and visual quality,
especially when evaluated through Isovist and Space Syntax
methodologies. However, despite recognition of these factors,
their combined role in shaping daylighting outcomes in school
environments remains underexplored, particularly compared with

more extensively studied building types such as hospitals and
mosques. This highlights the need for research that integrates
spatial configuration metrics with daylight and visual comfort
analyses to advance evidence-based design in educational settings.

2. MATERIALS AND METHODS

As demonstrated in Fig. 4, this research first adopts a systematic
review of key concepts in spatial layout, daylighting, and visual
quality in architectural design to first identify relevant factors and
metrics from existing literature. The research objectives are then
established, highlighting critical gaps in the current body of work.
A simulation-based methodology is employed to evaluate the
impact of seven different school plan layouts, as case studies, on
daylight and visual quality metrics. Daylight performance is
explored using the Honeybee plugin with the Radiance engine in
Grasshopper for Rhinoceros 2D and 3D software (version 7.34)
[42]. Visual quality metrics are assessed using Depth Map
software and the Isovist tool, with values measured at the central
point of each grid [43]. The focus is to understand how variations
in school plan layouts influence both daylight distribution and
visual quality, ultimately recommending the most effective layout
for maximizing daylight benefits and improving educational
environments. Quantitative analysis is also performed using SPSS
to determine correlations among the metrics, providing deeper
insights into the field.

2.1. Simulation tools

The current research utilizes parametric daylight simulations
conducted within Rhinoceros, utilizing the Grasshopper and
Ladybug Tools (LBTs) plugins [44]. Rhinoceros, developed by
Robert McNeel & Associates, is a NURBS-based CAD software
that facilitates precise 2D and 3D modelling [45]. Grasshopper, a
visual programming plugin for Rhinoceros, supports parametric
design and algorithm development, offering extensive flexibility
in simulation [46,47]. The Ladybug Tools suite, in combination
with Honeybee, enables the importation of location-specific
weather data (such as EPW files) for various climates, directly
from Energy Plus website. Honeybee, which interfaces with
Radiance a widely validated lighting simulation engine employs
backward ray tracing for daylight and glare analysis [48,49]. The
integration of Ladybug and Honeybee tools offers a
comprehensive, unified parametric environment, providing a high
degree of flexibility and accuracy, especially when compared to
alternatives like Diva and Daysim, supporting early design-stage
decision-making [50]. Validation against CIE Test Cases
demonstrates that Ladybug and Honeybee tools achieve an
accuracy within +10%, underscoring their reliability for
simulating daylight and glare across a range of conditions [51-55].
Moreover, Radiance's ability to model complex geometries,
material reflectance, and environmental variables significantly
enhances simulation precision, further supported by numerous
studies [56-59].
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Table 1. Radiance simulation parameters in validation and annual simulation process.

Parameter dc dr dp dj ds dt

Iw st ab aa ar ad as

Value 0.50 1 256 0.50 0.25 0.25

0.01 0.50 3 0.2 64 2048 2048

Note: dc: direct certainty, dr: direct relays, dp: direct pretest density, dj: source jitter, ds source sub structuring, dt: direct thresholding, lr: limit reflection, Iw: limit
weight, st: specular threshold, ab: ambient bounces, aa: ambient accuracy, ar: ambient resolution, ad: ambient divisions, as: ambient super-samples

Table 2. Daylight simulation details in validation process for the real classroom.

Factor Value

Building type Educational (Classroom)
Location Thran, Iran
Kappen-geiger classification BW (arid: desert climate)
Latitude 35.7219° N

Longitude 51.3347°E

Grid points 2m*2m

Point number 6

Total point in measurements 72

Measured point height 80 (cm)

Measurements period

Reflection coefficient (p)

Reflection coefficient (p)

Reflection coefficient (p)

Visible transmittance (VT)) Window

Exterior horizontal Illuminance on 21 March
Exterior horizontal Illuminance on 21 Jun
Exterior horizontal Illuminance on 21 September
Exterior horizontal Illuminance on 21 December
Exterior horizontal Illuminance on 21 March
Exterior horizontal Illuminance on 21 Jun
Exterior horizontal Illuminance on 21 September
Exterior horizontal Illuminance on 21 December
Exterior horizontal Illuminance on 21 March
Exterior horizontal Illuminance on 21 Jun
Exterior horizontal Illuminance on 21 September

Exterior horizontal Illuminance on 21 December

21% of June, September, March, and December at 9:00 a.m. 12:00 p.m, 3:00 p.m
Floor = 0.20

Wall =0.50

Ceiling = 0.80

75 %

32564 (Lux) 9 a.m.
44284 (Lux) 9 a.m.
30678 (Lux) 9 a.m.
16152 (Lux) 9 a.m.
48576 (Lux) 12 p.m.
72320 (Lux) 12 p.m.
45406 (Lux) 12 p.m.
22643 (Lux) 12 p.m.
40264 (Lux) 3 p.m.
58563 (Lux) 3 p.m.
37120 (Lux) 3 p.m.
18054 (Lux) 3 p.m.

This workflow aligns with the broader trend in daylight simulation
research, where simulation-based approaches dominate the field.
Moreover, reviews of previous studies highlight the prevalence of
Radiance, Rhinoceros, and Grasshopper, along with plugins like
Ladybug and Honeybee, as the most frequently used tools, in
comparison to other available software solutions. As illustrated in
Table 1, in the current research, the Radiance simulation
parameters for validation and annual daylight simulations are
adopted based on the medium level accuracy setting in the
Honeybee plugin, providing a balance between computational
efficiency and simulation reliability. In addition to daylight
simulations, this research also employs the Isovist tool to evaluate
visual quality metrics. Isovist is a visual analysis tool commonly
used in architectural design to assess visibility and spatial
perception from a specific point within a space. It calculates the
observable area by considering obstructions and the geometry of
the environment. By measuring the extent of the visible

surroundings from a given location, Isovist helps analyze factors
such as visual accessibility, sightlines, and spatial connectivity.
This tool is particularly useful in visual quality studies, where
understanding sightlines and spatial perception plays a critical
role, as is the case in the present research [35].

2.1.1. Validation

The current research employs a methodology that validates
daylight simulations by comparing simulation results of
illuminance (lux) with field measurements taken with a lux meter
in an actual school classroom in Tehran, Iran. For this purpose, a
classroom measuring 4 x 16 x 15 m (height % length % width) is
selected, as shown in Fig. 5 (c and d). The room has a south-facing
window located 1.2 meters above the floor, aligned with the north-
south axis. The walls are painted white, and the floor is cemented.
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Illuminance (Ep) values are measured at six points across the room
at 9:00 am, 12 pm. and 3 p.m. on June 2Ist, September,
December, and March, under natural daylight conditions (without
artificial lighting). Efforts are made to eliminate any potential
sources of error during both the measurement and simulation
phases. Due to potential variations in natural light conditions
during sequential measurements at different points with a single
lux meter, which could affect the accuracy of comparing measured
and simulated data, the measurements are taken at only six central
points within the room (as shown in Fig. 5 (a and b)). These central
locations are specifically chosen to minimize the impact of spatial
variations in daylight distribution and reduce discrepancies caused
by light intensity fluctuations at the room’s edges, ensuring more
consistent and reliable measurements for accurate comparison
with simulation results. Additional details of the experiments,
simulations, and the test room are provided in Table 2, for further
clarification. Finally, the measured data are compared with the
simulation results, as shown in Figs. 6 and 7, illustrates the
correlation between the results.

The results presented in Fig. 6 reveal a close agreement between
the simulation data (black line) and the field measurement data
(orange line), with only minor discrepancies between
corresponding values. Both datasets exhibit similar periodic
patterns, reflecting the fluctuations in illuminance at various
points in time. This close alignment validates the accuracy of the
simulation model in forecasting real-world illuminance levels. The
average illuminance for the simulation data is 726 lux, while the
field measurement data shows an average of 644 lux, with a
minimal average difference of just 1.12 lux. These findings
underscore the simulation model's strong predictive capability.
Additionally, Fig. 7 demonstrates a robust positive correlation
between the field and simulation data, further supported by high
R? value, which confirm the reliability of the simulation model in
accurately replicating field measurements. Furthermore, regarding
the Isovist tool, previous studies have confirmed correlations
between Isovist indicators and both experiential and measured
properties in spatial exploration. For example, Ostwald and Dawes
used Isovist analysis to examine spatial and visual patterns in
Frank Lloyd Wright’s Prairie houses, finding a significant
correlation with the prospect-refuge theory [42]. Wiener et al.
demonstrated the effectiveness of Isovist analysis in predicting
experiential qualities and human movement within architectural
spaces [40,60,61]. In a similar vein, Wiener and colleagues further
validated the utility of Isovist analysis, showing it to be a
promising tool for forecasting architectural experiences and user
movement in space [42].

2.2. Case study

Building on the simulation workflow, the analysis is applied to the
specific architectural case studies illustrated in Figure 8: seven
school plan layouts. These case studies are adopted from the paper
School Building Planning: Main Types of Systems (Plans) of
School Buildings by E. Ivanova [62]. The study provides an in-

depth exploration of various architectural typologies for school
buildings, focusing on the main types of school building systems
and their design principles. The selected layouts in this study
correspond to high school, as the paper primarily addresses school
buildings for students in these age groups. Each plan layouts
include specific dimensions and window-to-wall-ratio (WWR)
with certain factors, such as the position of windows and openings,
are kept constant across all layouts to minimize external influences
on the results. The main difference between the case studies is the
interior arrangement and partitioning. The detailed simulation
parameters, including surface materials, analysis period, work
plane height, grid points, north orientation, and others, are
presented in Table 3 and Fig. 9.

2.3. Research objectives

To measure daylight distribution in one space, climate-based
daylight metrics (CBDM) are one kind of daylight measures that
uses meteorological data from the area to produce quantitative
performance forecasts. Daylight Autonomy (DA) and Usable
Daylight Illumination (UDI) are the two most well-established
techniques with this respect [65]. One alternative daylighting
metric to DA is the Useful Daylight Index (UDI), a metric that
measures how much (percentage (%) between 0 to 100) daylight
is useful for occupants over the course of a year in each point,
which has lower and higher limitations of 100 lux and 2000 lux,
respectively. These two values divide the year into three bins.
Periods with "too little" sunshine are indicated by the lower bin
(UDI<100 lux), "useful" daylight is indicated by the middle bin
(UDI 100-2000 lux), and times with an excess of daylight that
could cause discomfort (visual or thermal) are indicated by the
upper bin (UDI>2000 Iux). For instance, Mardaljevic
subsequently modified the upper limit to 3000 lux and the lower
limit to 300 lux [66]. These metrics have alternative ranges. The
current research employs UDI and DA, as these metrics are widely
used in daylight simulation studies due to their diverse benefits
and effectiveness in measuring daylight in space. Table 4, and
equations 1, 2, and 3 present a more detailed breakdown of these
daylight metrics, with illuminance serving as the primary daylight
meter that these two are based upon. In regards to visual quality
metrics, Isovist analysis is used to model visibility and spatial
perception, and it depends on both the geometry of the space and
the observer's location [64] . Furthermore, in this research, six
Isovist indices, as described in Table 5 and Fig. 10, are considered
for evaluating visual quality. Within the building, the Isovist
generates a regular geometric grid. The center of each grid cell,
typically at the observer’s eye level, defines an Isovist polygon.
The mathematical properties of these polygons such as visibility,
shape, and size are recorded and can be compared across different
locations. These properties vary based on the spatial geometry and
the observer's position, making each Isovist distinct in this
analysis [42].

Illuminance (Ep) = E, = (lux) €))

dArec
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Fig. 9. Detailed daylight simulation algorithm developed in Grasshopper for the annual simulation process of the school plan layouts.

Table 3. Daylight simulation details in annual simulation process for the school plan layouts.

Factor Value

Building type Educational (Classroom)

Location Thran, Iran

Weather data Tehran Mehrabad.407540 _ITMY (2009), EPW annual weather data file
Kappen-Geiger classification BW (arid: desert climate)

Latitude 35.7219°N

Longitude 51.3347°E

Analysis grid Im*1m

Standard Average Illuminance E,, (Lx) 200-500 Lux [63] (SN EN 12464-1, 8.2011 standard)

Reference work plane height 80 (cm)

Schedule

Sky type

Analysis period

(Reflection coefficient) Floor
(Reflection coefficient) Wall
(Reflection coefficient) Ceiling
(Visible transmittance (VT)) Window
Case A (number of grid points)
Case B (number of grid points)
Case C (number of grid points)
Case D (number of grid points)
Case E (number of grid points)
Case F (number of grid points)
Case G (number of grid points)

8 a.m. to 5 p.m. on weekdays

Climate-based sky according to weather file

Annually

p=0.20 (cement) [63] (SN EN 12464-1, 8.2011 standard)

p = 0.50 (white planting) [63] ( SN EN 12464-1, 8.2011 standard)
p = 0.80 (white planting) [63] (SN EN 12464-1, 8.2011 standard)
87%

5849

7124

5849

5849

5849

5849

3970

Daylight Autonomy (DA) = DA = Ziwfit))

1 if Edaylight = Elimit

With wii = {Oif Edaylight < Elimit

Y iti

€ [0.1]

@

working hours with daylight illuminance>threshold

or 100% X DA =

total working hours
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Table 4. Daylight metrics to assess natural light quantity, distribution, and direct sunlight [65,66].

Light source Definition

Metric Scope of the index
Illuminance (Ep) Amount of light
Daylight Autonomy (DA) Amount of light
Useful Daylight Amount of light

Illuminance (UDI)

Natural
Artificial

“Illuminance at a point P of a given
surface is a physical quantity,
measured in lux and defined as the
ratio between the luminous flux
incident on an infinitesimal surface
about P and the area (Arec) of that
surface”

“The percentage of the occupied hours
(ti) of the year when a minimum
illuminance threshold (Elimit) is met
by the sole daylight (E daylight)”
“-time fraction (ti) of analysis points
over a year when the indoor
horizontal illuminance falls into a
specific range.”

“The proposed illuminance limit
values for the analyzed period can be
divided into three parts: the upper part
would indicate the percentage of time
when there is too much daylight and
could cause visual discomfort, the
lower part would indicate the
percentage of time when there is not
enough daylight, and the middle part
would indicate the percentage of time
when the illuminance level is just
right”

Natural

Natural

Table 5. Visual quality metrics related to spatial experience in current research [42].

Spatial experience

“The length of the longest radial line visible from

“The connectivity between the axial lines of sight

vision

Access and spatial communication

(that lead to the target space) and the number of
access points leading to the observer station point”

Metric Definition
Maximum Radial ~ Line (RI(I))
the observer's station”
Connectivity (C)
Visual Mean Depth

arrangement"

Isovist area (A)

Drift angle (DA)

" Distancing the point of view from the overall

“Count of points visible from observer station”

“An Isovist angle is one that intersects the axis of

Separated space

Perspective / Asylum of space and
space

openness of

The power of visual direction

the polygon with the direction of the view that faces

the observer”

Minimum Radial Line (RL(S))

"The distance that can be seen from the observer's

asylum

station along the shortest radial line"

where ti is the each occupied hour in a year, wifi is the weighting
factor depending on values of E Daylight and E limit, E Daylight
is the horizontal illuminance at a given point due to the sole
daylight, and E limit is the horizontal illuminance at a given point
due to the illuminance limit value.

¥ i(wii.ti)

¥ iti

1 if Edaylight > Eupper limit
0 if Edaylight < Eupper limit

Useful Daylight llluminance (UDI) = UDI = € [0.1] 3)

UDI overlit = With wfi = {

UDI useful = with wfi
_ { 1 if Elower limit < Edaylight < Eupper limit
|0 if Edaylight < Elower limit V Edaylight > Eupper limit

1 if Edaylight < Elower limit

UDI underlit = with wfi = {0 if Edaylight > Eupper limit

3. RESULTS

Figure 11, show the daylight performance (accepted UDI) across
seven school plan typologies, utilizing advanced simulations to
evaluate both the quantity and quality of natural lighting. Annual
simulations reveal substantial variations in daylight distribution
across the seven school models, highlighting the impact of
architectural configuration on indoor daylight distribution.
According to this Figure, Model A offers strong daylight at the
perimeter but suffers from under-illumination in interior zones due
to its compact layout. Model B’s multiple pavilions provide high
daylight in individual units but may challenge internal circulation.
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Fig. 10. Schematic description of Isovist metrics at an observer station point [42].
Table 6. Numerical results of visual quality metric in case studies.
Case studies A B C D E F G
Visual quality ~ Connectivity 149.53 477.34 586.05 127.86 153.88 602.23 466.77
metrics(meter)  (C)
Isovist area 97.07 306.16 373.80 82.90 98.20 382.96 301.10
@A)
Drift angle 186.97 179.48 181.95 183.03 183.05 176.55 177.60
(DA)
Maximum 18.42 41.48 30.13 16.33 19.56 31.35 27.09
radial line
(RL(L))
Minimum 1.12 1.60 2.16 1.10 1.07 1.63 1.96
radial line
(RL(S))
Visual mean 3.16 2.89 2.71 3.01 3.02 3.08 2.78
depth

Model C (shown in rectangular red mark), with a central courtyard
and atrium, achieves balanced daylight penetration into deeper
areas, combining perimeter daylight access with diffused interior
lighting, though atrium effectiveness depends on its design. Model
D ensures uniform daylight across classrooms due to its slender
plan depth but requires a larger building envelope, increasing
construction and thermal loads. Model E’s multi-wing layout
allows daylight from both sides, though careful spacing is needed
to avoid mutual shading. Model F shows strong daylight in
extended linear elements, while the connecting spine experiences

variation, requiring design attention. Model G’s central atrium
provides perimeter daylight but relies heavily on other glazing and
shading strategies for interior illumination.

Results reveal that Models with high perimeter-to-area ratios,
such as Models D, E, and F, achieve uniform daylight distribution
but require more extensive building envelopes, which may
increase construction costs and thermal loads.
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Fig. 11. The heatmaps results of UDI (100<UDI<2000) for seven school plan layouts.

Conversely, more compact models like Model A and Model G
struggle to deliver sufficient daylight to interior zones without
additional design strategies. Models with courtyards or atriums,
like Model C and Model G, extend daylight penetration into
deeper areas, but the success of these features depends on their
size, proportions, and how well they are integrated into the overall
building design. Compared to all models, model C stands out as a
strong performer due to its balanced approach, combining
perimeter daylight access with deeper penetration through the
atrium, offering a flexible and effective design layout for
maximizing indoor daylight distribution and advantages.
Furthermore, a detailed evaluation of the visual quality and spatial
perception characteristics across seven school plan typologies
through Isovist analysis is presented in Table 6. Isovist analysis

quantifies the geometric properties of visible space from observer
positions within the architectural environment, using six distinct
metrics: Connectivity, Isovist Area, Drift Angle, Maximum Radial
Line, Minimum Radial Line, and Visual Mean Depth. These
metrics reveal critical aspects of spatial organization, visual
accessibility, and navigational clarity that influence occupant
experience and pedagogical quality. Connectivity values, which
measure the number of distinct spatial zones visible from
observation points, show substantial variation among the models.
Model C (highlighted in green color) emerges as the most
balanced design, offering high connectivity (586.05), expansive
Isovist area (373.80 m?), moderate drift angle (181.95°),
substantial maximum radial line (30.13 m), and generous
minimum radial line (2.16 m).
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Fig. 13. The average value of annual daylight metrics across seven school plan layouts.
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This combination supports intuitive navigation, visual integration,
and flexible learning environments without spatial restrictions.
Model F achieves the highest connectivity (602.23) and Isovist
area (382.96 m?), reflecting its comb-shaped layout that promotes
multiple sightlines, social interaction, and passive supervision. Its
drift angle (176.55°) indicates an intuitive spatial flow, though the
high openness may pose challenges for acoustic control. Models
B and G present moderate connectivity (=500) and Isovist areas
(301-306 m?), providing a balance between visual openness and
functional adaptability. They maintain considerable sightlines
while preserving spatial coherence. In contrast, Models A, D, and
E exhibit lower connectivity (127.86—153.88) and smaller Isovist
areas (82.90-98.20 m?), with higher drift angles (up to 186.97°)
and shorter radial lines. The analysis highlights the importance of
balancing visual openness, connectivity, and spatial organization
to enhance the occupant experience. Compared to all models,
model C emerges as the most well-rounded option, offering both
visual accessibility and intuitive navigation while avoiding the
spatial limitations found in more enclosed typologies like Models
A, D, and E.

4. DISCUSSIONS
4.1. daylight performance

The boxplots in Fig. 12 summarize the annual behavior of four key
daylight metrics, DA, UDI, UDI-up, and UDI-low, across seven
school layouts, providing a detailed view of daylight quantity,
quality, and temporal stability. According to this Figure, DA
values are generally high across most models (median ~80-95%),
indicating that recommended illuminance levels are met for a
substantial portion of occupied hours. Models C and F
demonstrate the strongest performance, with consistent daylight
sufficiency reflecting effective design layouts and well-organized
spatial layouts. In contrast, Models D and G show lower DA
values, pointing to limited daylight penetration. Furthermore, UDI
analysis reinforces these distinctions: Median UDI values (=75-
90%) indicate overall adequate daylighting, with Model C
achieving the highest conformity to the recommended 100-2000
lux range and low temporal variability, supporting stable visual
comfort. Models F and E perform well, while Models D and G
show larger fluctuations and higher underlit durations. UDI-up
values remain below 10% for most models, though Models B and
C occasionally exceed 2000 lux, which can be managed with other
daylight strategies such as shading. UDI-low distributions
highlight underlit conditions: Models D and G experience 30% to
50% of hours below minimum illuminance, whereas Models C and
F remain within 10-20%, demonstrating robust daylighting
reliability. These findings indicate a clear hierarchy: Model C
provides the most balanced daylighting solution, combining high
sufficiency, low underlit incidence, and manageable
overexposure. Models F and E offer well-distributed and stable
daylight, Models A and B are intermediate with some glare risk,
and Models D and G are the lowest performers, suggesting the

need for design interventions such as recalibrated window-to-wall
ratios, enhanced aperture distribution, or adaptive shading.

These results emphasize the critical role of spatial and
architectural layout in achieving effective daylighting and
supporting occupant well-being in schools. The clear differences
between the models show that daylight-responsive design should
be considered early in the architectural process to improve visual
quality, daylight benefits, and support the well-being of building
users in schools. Furthermore, Fig. 13 illustrates the average
annual daylighting metrics across the seven school models,
highlighting distinct differences in daylight performance. Based
on this Figure, Model C consistently outperforms others,
achieving the highest UDI (68.17%) and DA (52.93%), alongside
the lowest UDI-low (22.89%), indicating minimal underlit
conditions and reduced dependence on artificial lighting. Its UDI-
up (7.15%), while not the lowest, remains within an acceptable
range and can be mitigated with targeted other daylight strategies
such as shading. These results reflect the effectiveness of internal
plan layout for Model C in balancing daylight sufficiency,
comfort, and stability. Models E and F also demonstrate strong
performance, with UDI values of 62.41% and 64.7%, and DA of
46.85% and 46.26%, respectively. Their moderate UDI-low
values (27.95% for E, 25.35% for F) indicate reliable daylight
availability, while UDI-up values (8.53% and 8.78%) suggest
manageable over-lit zones. These characteristics position them as
robust alternatives to Model C (highlighted in green color),
providing consistent and balanced daylighting conditions. Models
A and B fall in an intermediate range. Their UDI (58.15% and
60.26%) and DA (43.71% and 46.98%) indicate generally
adequate daylighting, though higher UDI-up (12.85%) in Model B
signals greater sensitivity to over-illumination, whereas UDI-low
(31.07%) in Model A reflects larger underlit areas due to spatial
layout limitations. At the lower end, Models D and G consistently
underperform. Despite moderate UDI averages (57.48% for D,
60.1% for G), their DA values (42.9% and 41.29%) and elevated
UDI-low (33.82% and 31.03%) reveal substantial periods of
inadequate daylight, indicating ineffective daylight capture. Their
moderate UDI-up values result from insufficient daylight rather
than controlled illumination.

Finding reveals a clear hierarchy emerges: Model C delivers the
most balanced and reliable daylighting, Models E and F follow
closely, Models A and B show moderate performance with some
limitations, and Models D and G exhibit the weakest daylight
conditions.

For a more in-depth understanding, the seasonal daylight
performance across the seven school models is presented in Fig.
14, revealing distinct patterns in daylight distribution and notable
variations in daylight distribution throughout the year. This
analysis provides deep insights into the relative performance of
each school layout and the design trade-offs in daylighting
performance in school design layouts. As shown in this Figure,
during spring, Model C leads with DA = 58% and UDI average =
75%, indicating that three-quarters of occupied hours receive
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Fig. 15. The visual quality metrics values for seven different school plan syntax.

illuminance within the optimal 200-2000 lux range, minimizing
both under- and over-illumination. Models B and F also perform
well (DA = 52% and 53%), though UDI-low values (23—34%)
reveal persistent underlit zones requiring supplementary lighting.
UDI-up remains low across models (7-17%), indicating effective
control of excessive daylight. In summer, Model C maintains
leadership (DA = 61%, UDI = 77%), demonstrating effective

management of abundant daylight, while Model F (DA = 54%,
UDI = 73%) remains among the top performers. Models D and G
show moderate DA (50% and 47%) and lower UDI averages (65%
and 68%), reflecting more conservative daylighting that may
mitigate overheating. UDI-low values stay at 22-33%,
highlighting persistent underlit areas.
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Fig. 16. Heatmaps of three visual quality metrics across seven different school plans.
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Fig. 17. Scatter diagram along with the best fitting line for daylight and visual quality metrics in seven different school plan layouts according to Table 7.
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Table 7. Demonstration of the correlations between daylight and visual comfort metrics of the research.

Isovist Drift Maximum Minimum Visual Connectivity(C)  UDI low UDI UDI up DA
area (A) angle radial line  radial Mean
line Depth

Isovist area (A) 1 -.266 931%* .903%* 345 1.000%** =752 708 .047 479
Drift angle -.266 1 .093 -.045 399 -.260 -.135 275 -.350 587
Maximum 931** .093 1 .903** 479 .934%* -.862% .845* -.031 736
radial line
(RL(L))
Minimum radial ~ .903** -0.045 .903** 1 234 .902%** -.589 .648 -.177 427
line (RL(S))
Visual Mean 345 399 479 234 1 353 -.567 736 -.384 711
Depth
Connectivity(C) ~ 1.000%* -.260 .934%* .902%* 353 1 -758% 715 .045 488
UDI low =752 -.135 -.862% -.589 -.567 -758% 1 -.881%* -.195 -.875%*
UDI 708 275 .845% .648 736 715 -.881%* 1 -290 .849%
UDI up .047 -.350 -.031 -177 -384 .045 -.195 -290 1 -.015
DA 479 587 736 427 711 488 -.875%* .849% -015 1

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Autumn sees a general decline in DA and UDI due to lower solar
altitude and shorter days. Furthermore, Model C continues to
outperform (DA = 50%, UDI = 65%), followed by Model E (DA
= 44%, UDI = 60%) and Model B (DA = 49%, UDI = 58%).
Winter presents the most demanding conditions, with DA and UDI
averages dropping across all models. Model C achieves the highest
DA =40% and UDI = 57%, closely followed by Models B and G
(DA = 43%). UDI-up remains low (5-9%), suggesting minimal
over-illumination, while UDI-low rises to 25-35%, reflecting
substantial underlit areas.

Model F maintains competitive performance (DA = 38%, UDI
= 53%), demonstrating design adaptability. Comparative
investigation across seasons also highlights clear hierarchies:
Models C, B, and F consistently achieve strong daylighting
metrics, with Model C showing the highest UDI averages (75%,
77%, 65%, 57% from spring to winter). Model B provides
balanced DA and UDI with only 12% seasonal variation, while
Model F perform well in spring and summer. Models A, E, and G
offer moderate performance, with E demonstrating consistent
seasonal reliability and G improving in winter due to low-angle
sun penetration. Model D shows a conservative strategy with
lower DA (41-50%) and reduced UDI-up (8%). These findings
indicate that even the best layouts cannot rely solely on passive
daylighting year-round. Achieving optimal illuminance requires
balancing high useful daylight (DA, UDI) with controlled over-
illumination (UDI-up), often necessitating other daylight
treatments such as adaptive shading. Implications for educational
environments are significant, as daylight quality directly impacts
student performance, visual comfort, and productivity. Seasonal
performance patterns also suggest climate-specific suitability:
high-performing models namely C and B are ideal for temperate
climates (e.g., Tehran), whereas Model D’s conservative approach
may suit hot, sunny regions prioritizing over-lit zones
managements.

4.2. Visual quality

Figures 15 and 16 collectively illustrate the spatial and visual
quality assessment across seven school plan typologies through a
combination of quantitative Isovist indices and spatial
visualization metrics. Together, these analyses provide a
comprehensive understanding of how interior configuration
affects visibility, accessibility, and perceptual experience within
educational environments. Beside Table 6, for Dbetter
understanding and visualization of the results, in Fig. 15, the
Isovist Drift Angle (DA) (purple squares) quantifies the
displacement between the observer’s viewpoint and the centroid
of the visible field. Higher DA values indicate greater visual
dispersion and a more dynamic spatial experience, reflecting
environments that draw attention away from spatial congestion
toward more distributed zones. Consistent DA values (around
200) across all school layouts suggest relatively stable visual
orientation, while Model C (highlighted in green color) presents
the highest value, implying stronger visual diversity and a more
engaging interior experience. This observation corresponds well
with the spatial patterns seen in Fig. 16, where layout C, with its
open atrium layout, demonstrates expanded sightlines and an
enhanced sense of spatial continuity. The Maximum Radial Line
(Maxradial), represented by red circles in Fig. 15, defines the
longest visible line from each observation point and thus the extent
of the visual field. Most typologies show moderate values (ranging
from 0-50), while Model C again achieves the highest value,
denoting a broader field of vision and improved spatial legibility.
The Maxradial maps in Fig. 16, visually confirm this, showing
warmer colour zones in Model C, indicative of longer sightlines
and visual openness. Typologies B and F also demonstrate
favourable behavior, suggesting efficient and interconnected
spatial grids that promote perceptual coherence. The Visual Mean
Depth (blue triangles) describes how deeply one can visually
penetrate a spatial system. This indicator remains relatively stable
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among typologies but reaches its maximum in case C, signifying
a more intricate yet visually connected structure.

As seen in Fig. 16, the Mean Depth maps for typologies C and
F display a richer visual hierarchy with smoother transitions
between near and far zones, features associated with improved
orientation and spatial guidance potential. The Minimum Radial
Line (yellow diamonds) maintains consistently low values (around
50) across all typologies, following a pattern similar to Maxradial
and Mean Depth. This consistency implies a balanced relationship
between proximity and distance within the visual field, supporting
coherent spatial perception and reducing perceptual dissonance.
The Connectivity index (black squares) in Fig. 15, highlights
significant variation between typologies. Layouts C and F achieve
the highest values (around 600), followed by B and G (around
500), suggesting highly integrated and user-friendly spatial
layouts. These numerical trends are reinforced by the Connectivity
maps in Fig. 16, where C and F exhibit large, continuous red
zones, evidence of strong spatial interrelation and fluid circulation.
In contrast, A, D, and E display lower connectivity, indicating
fragmented spatial organization and weaker visual integration.
Similarly, the Isovist Area (green inverted triangles), ranging from
200 to 300 across typologies, reflects the visible surface area from
each point. Its trend parallels the connectivity index, showing that
larger visual fields correlate with greater spatial openness and
perceptual coherence. The spatial diagrams again substantiate this
finding, particularly for cases C and F, where the atrium and comb-
like configurations maximize both visual exposure and
navigational clarity. The synthesis of quantitative results (Fig. 15)
and spatial analyses (Fig. 16) reveals consistent patterns among
typologies. The Block Type (C) (shown in red rectangular mark),
featuring an open atrium, and the Pavilion Type (F), with its comb-
like configuration, demonstrate the most balanced spatial
compositions, combining high connectivity, rich visual depth, and
extensive sightlines. Typologies B and G also perform well,
offering coherent but moderately integrated layouts, while A, D,
and E exhibit more limited visual reach and weaker connectivity.
In conclusion, both figures confirm that spatial configuration
strongly influences visual quality in school environments. Model
C consistently achieves good visual quality performance across all
metrics, providing a perceptually efficient, visually open, and
well-connected layout. Its central atrium promotes orientation,
visibility, and social interaction, key elements for creating
comfortable and cognitively supportive educational spaces. These
findings collectively emphasize that balanced centrality and
openness are critical determinants in designing visually legible
and pedagogically effective architectural layouts.

4.3. Correlation between research metrics

The research also employs SPSS software to perform Pearson’s
correlation tests, as presented in Table 7 and Fig. 17, to examine
the relationships between various visual quality and daylight
metrics. Although correlations between some metrics are well-
documented in the existing literature and do not represent novel

findings, the presentation of these correlations is intended not to
claim originality, but to demonstrate that the simulation results
obtained in the research are consistent with established theoretical
trends. Including these correlations serves two purposes: first, to
validate the robustness and reliability of the simulation model and
methodology; and second, to provide a reference framework for
interpreting variations observed under the different design layouts.
The correlation and decorrelation coefficients are examined at a
significance level of & = 0.05. According to Pearson correlation,
the correlation between two variables is higher in a straight line
when the correlation coefficient (p) is closer to 1. In contrast, there
is a stronger inverse relationship between two variables when the
correlation coefficient (p) is nearer —1. When the correlation
coefficient is zero (p = 0), there is no correlation between the two
variables. Table 7, displays Pearson's test results, with a
significance level of 0.01 and a correlation coefficient (p) between
the six Isovist indicators and the four daylight indexes.
Accordingly, there are strong positive correlations between the
maximum radial dimensions and the Isovist area, suggesting that
larger areas correspond to greater maximum radial dimensions.
Besides, there is a substantial positive association between the
Isovist area and the minimum radial dimension, suggesting that
bigger areas correspond to higher minimum radial dimensions.
The Isovist measure for area and connectedness also shows a
strong positive connection; a perfect correlation indicates a
straight proportionality between the two variables. This
phenomenon also holds true for minimum radial and maximum
radial dimensions, indicating that greater maximum radial
dimensions align with higher minimum radial dimensions.
Additionally, it is observed that greater maximum radial
dimensions are linked to higher connectivity metrics.

In the context of daylight measures, there is a strong positive
correlation between UDI and DA, which indicates that greater
UDI values are associated with higher DA values. A similar
correlation exists between maximum radial and UDI. Conversely,
a significant negative association was found between UDI low
and UDI, meaning that lower UDI_low values are correlated with
greater UDI values. Both UDI low and DA demonstrate a
correlation between lower UDI_low values and greater DA values.
There is also a correlation between UDI low and connectivity,
suggesting that higher connectivity correlates with lower
UDI low values. Similarly, the relationship between maximum
radial and UDI low suggests that higher maximum radial
dimensions correlate with lower UDI low values. There are
modest and somewhat favourable connections with the other
parameters, as Table 7 illustrates. In general, there is a substantial
correlation between large areas, high max and min radial
dimensions, and connectivity. Significant relationships exist
between high and low UDI, DA and UDI, respectively. Moderate
relationships exist between visual mean depth, DA, and UDI.
Except for DA, drift angle often exhibits minimal associations.
These correlations clarify the significant relationships between
daylight and visual quality research metrics that confirm doing
such research. For more clarified observations, the scatter plot
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matrix in Fig. 17, graphically corroborates these correlations by
displaying trends and patterns that align with the numerical
correlation values. Every little plot in the matrix represents the
relationship between two variables using a scatter plot. The
diagonal displays the distribution of each variable as density plots
or histograms, but in this instance, it appears to display
straightforward scatter plots with a line of best fit. Each off-
diagonal scatter plot demonstrates the relationship between two
variables.

There is a correlation between those variables where there is a
linear trend, either positive or negative. The degree to which the
points closely cluster around the line of greatest fit indicates the
strength of the correlation. These insights can help to understand
how these variables interact in the study and potentially guide
future research or focus areas. If the points form an upward-
sloping pattern, there is a positive correlation between the two
variables. For instance, an upward-sloping pattern between "arca"
and "daylight" links greater areas to more daylight. The points
form a downward-sloping pattern, indicating a negative
association. Randomly dispersing the dots results in little to no
linear association between the variables. The diagonal plots show
the perfect correlation between each variable and itself, typically
represented by a straight line. Given their consistent display of a
perfect linear relationship, these plots may not be as informative
as others. The stronger the association, the closer the points are to
the line of best fit. Conversely, more dispersed spots indicate
weaker relationships. The first row and first column display scatter
plots that illustrate the association between 'area’ and all other
variables. In this case, any linear trend shows the correlation
between each of those factors and 'area'. The second row and
column similarly display the association between 'daylight' and the
other variables. Therefore, the other variables like 'DA', 'Visual
Mean Depth', 'Connectivity', 'UDI low ', 'UDI', and 'UDI up ',
exhibit a positive correlation. Hence, it is inferred that there are
remarkable correlations between research variables so that
evaluating one metric can affect others and it is necessary to
consider all of them simultaneously when it comes to examining
one plan layout for daylight and visual quality indexes.

5. CONCLUSION

This research explores the impact of interior architectural layout
on the distribution of daylight and visual quality metrics through
an analytic-descriptive and simulation-based approach with
statistical analysis across seven school plan layouts in Tehran,
Iran. The findings underscore the crucial role those interior spatial
arrangements in improving both daylight distribution and visual
quality in educational environments. Using simulation-based
analysis, the research demonstrated that well-designed layouts
could enhance daylight performance and visual quality, resulting
in more sustainable and effective learning environments. Daylight
simulations are performed using the Radiance engine and the
Honeybee plugin within Grasshopper, while visual quality metrics
are evaluated using the Isovist tool in Depth Map software. Annual

daylight metrics include Useful Daylight Illuminance (UDI up,
UDI, UDI low) and Daylight Autonomy (DA), along with visual
quality indicators, including connectivity (C), Isovist area (A),
drift angle (DA), maximum radial line (RL(L)), minimum radial
line (RL(S)), and visual mean depth.

The analysis of daylight performance across the seven school
layouts reveals a clear hierarchy, with Model C consistently
outperforming the others, achieving the highest DA (52.93%) and
UDI (68.17%), the lowest UDI-low (22.89%), and a manageable
UDI-up (7.15%), indicating frequent attainment of recommended
illuminance levels and stable daylight conditions throughout the
year. Models F and E also perform well, with DA values ranging
from 46% to 47% and UDI values between 62% and 65%, while
Models A and B show moderate daylight performance. Models D
and G, on the other hand, have the lowest daylight performance,
with UDI-low values ranging from 31% to 34%, indicating
significant underlit hours. Seasonal evaluation confirmed strong
performance, in Model C with high DA and UDI maintained
during the spring and summer months, and resilient performance
during the winter (DA = 40%, UDI = 57%). These results
emphasize the importance of carefully considering spatial
planning to achieve effective daylighting in school buildings. The
integration of DA and UDI metrics offers a robust framework for
enhancing daylight performance, reducing reliance on artificial
lighting, and supporting the well-being and productivity of
students across various layouts. Furthermore, spatial and visual
quality evaluation of the seven school typologies using Isovist
metrics and spatial visualization reveal significant differences in
perceptual performance. Model C consistently achieves the
highest performance, with a Drift Angle (DA) of approximately
220, a Maximum Radial Line (Maxradial) of 50, a Visual Mean
Depth of 35, Connectivity of 600, and an Isovist Area of 300,
signifying a visually open, well-connected, and perceptually
engaging layout. Model F also performed strongly, with a Drift
Angle of 210, Maxradial of 48, Visual Mean Depth of 33, and
Connectivity of 600, indicating a well-organized pavilion
configuration that promotes rich visual hierarchy and smooth
circulation. Models B and G showed moderate visual quality, with
Connectivity around 500 and Maxradial values between 40 and
45, providing a coherent but less integrated spatial experience. In
contrast, Models A, D, and E exhibited lower connectivity (around
400-450), limited visual reach (Maxradial of 35-40), and less
coherent visual fields, indicating more fragmented layouts.

These findings indicate that balanced centrality, expansive
sightlines, and high spatial connectivity are key factors in
determining the visual quality of school environments. The results
emphasize that a careful spatial configuration can significantly
enhance visibility, social interaction, and cognitive support within
educational spaces. Furthermore, correlation analysis using SPSS
revealed significant relationships between daylight and visual
quality metrics, confirming the validity of the research. It
demonstrated strong correlations between daylight availability
and spatial visibility, reinforcing the need for integrated design
approaches that address both visual quality and daylight
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performance. The results highlight the importance of considering
all relevant metrics simultaneously when assessing a single layout
for daylight and visual quality, as changes in one metric can
influence others. The main conclusion of this research is that the
spatial arrangement of school layouts plays a significant role in the
distribution of natural light and overall visual quality. The
simultaneous evaluation of natural lighting metrics (such as UDI
and DA) and visual quality indicators (such connectivity and
Isovist area) reveals complex interrelationships that significantly
impact user comfort and functionality. This underscores the
necessity of an integrated design approach to enhance
environmental performance in schools. For achieving well-
balanced daylight distribution and high visual quality, it is critical
to design interior layouts with precision and to select the
appropriate spatial arrangements that support both natural lighting
and visual accessibility. These insights would help refine
daylighting strategies to enhance both the environmental quality
and educational outcomes in schools, fostering more adaptable,
efficient, and user-centered learning environments.

6. RESEARCH LIMITATIONS

This research acknowledges several limitations that should be
considered when interpreting the findings and suggests potential
directions for future works. First, the research assumes uniform
user behavior and lighting needs across all layouts, which may not
fully capture the diversity of activities, seating arrangements, and
individual preferences in real-world educational environments.
Given the dynamic nature of educational spaces, this assumption
could limit the accuracy of the findings for varied classroom
settings. Another limitation is the geographical scope of the study,
which is confined to case studies in Tehran, Iran. While the
findings provide valuable insights into the specific climatic and
architectural context of the region, the results may not be directly
applicable to other regions with different climates, daylighting
characteristics, and building regulations. The generalizability of
the conclusions to areas with distinct environmental conditions
remains uncertain, highlighting the need for further validation
across a broader range of geographical contexts. Additionally, the
research relies on Honeybee-Radiance for daylight simulations
and Isovist analysis for visual quality assessments. While these
tools are effective and widely used in architectural studies, there
is potential for incorporating alternative simulation methods such
as DIVA, Daysim, or even machine learning-based approaches.
These could provide complementary perspectives on daylight
performance and enhance the robustness of the analysis,
particularly in more complex or diverse design scenarios. The
research also presents its findings based on a range of few school
layouts without accounting for potential variations in more design
layouts, user needs, cultural preferences, or adaptive design
strategies. Real-world educational environments often require
flexible and adaptable layouts that can accommodate various
teaching styles, activities, and preferences. A more dynamic
approach to school design, considering the diverse needs of

students and educators, would likely improve the effectiveness of
daylighting solutions. Other architectural aspects, such as WWR,
glare risk, thermal and energy performance, building dimensions
and shape, and facade design, are additional limitations of the
current research.
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